A distributed Microbial Information Network Europe (MINE) is being constructed by a number of major microbial culture collections in countries of the European Community, with the support of the Biotechnology Action Programme (BAP) of the Commission of the European Community. The representatives of the collections participating in MINE have agreed to adopt a general format for the computer storage and retrieval of strain data. This uniform format will facilitate the electronic combination and exchange of data from different collections in order to produce integrated catalogues and the use of identical commands to search the different databases. It is recommended to other collections who may wish to contribute data to the MINE network or between themselves.
to many facets of industry, particularly pharmaceuticals and biotechnology. The information on cultures is scattered amongst the various collections and in the literature, only a fraction being accessible through published catalogues. All collections see the desirability of computerizing the available data; curators, in particular, need access to the information on all strains in the collection from any approach, including the most recent data, to satisfy increasing numbers of requests. Access to up-to-date information, retrieved either at the collection site or externally, is also important to users of strains, particularly research workers in both industry and universities.
Investigations into the need for a European information system for micro-organisms carried out by Anonymous (1983) and Environmental Resources Ltd (1984) drew attention to the urgent requirement of European biotechnological industries to have access to micro-organisms and to data available in culture collections in the European Community (EC). One of the first documentation systems for microscopic fungi was developed a decade ago (Anderson et al., 1976) , with the limited scope of producing a compendium of 400 species of soil fungi (Domsch et al., 1980) . This is a representative example of a closed system for the computerization of a limited number of organisms and fields. Since then the possibilities for organizing strain data have increased considerably. A first small-scale project for storing and retrieving a limited amount of strain data was described by Bryant (1983) . Since that time some local approaches to the computerization of microbial collections have been realized : the United Kingdom MiCIS system (Microbial Culture Information Service, using RAPPORT software and operated by the Laboratory of the Government Chemist, Department of Trade and Industry); the On-line Services system at NCYC (National Collection of Yeast Cultures, Agricultural and Food Research Council, Norwich, UK) ; the Canadian Fungal Collection Database (National Research Council of Canada, Halifax; formerly on a CYBER mainframe, now transferred to a VAX) ; and some other less sophisticated or less comprehensive computerized records (e.g. the Nordic Register in Scandinavian Countries). The MiCIS system is designed to make the resources of the British National Culture Collections more accessible to industry. It is a centralized system that aims at storing complete data sets, including physiological and biochemical activities, an approach that is not acceptable to many non-British collections, who are not in the position to cede all their information to databases outside their own country.
The MSDN (Microbial Strain Data Network) is a different approach, designed to act as a central directory of depositories for microbial strains and cell lines, and to disclose information on the sites where particular types of data are available, categorizing the types of available data on the strains and the means used to record and access these data. Its data structure (RKC Code; Bogosa, Krichevsky & colwell, 1986 ) is discussed below. This system therefore supplements and does not duplicate the specific strain databases.
The needs of numerous collections for computerization are similar and can be coordinated in such a way that several databases become optimally compatible. Compatibility is necessary to facilitate the exchange and combination of data between different nodes, for producing integrated catalogues, and to search the different databases with identical commands. The establishment of an information network is considered the most satisfactory approach to the coordination of computerized strain data in the microbial culture collections in the EC. The EC is sponsoring this development through the Biotechnology Action Programme (BAP). The objective is that the databases of the major collections of each country will be connected in such a way as to allow them to retain the property of and the responsibility for the data in their keeping, while at the same time allowing optimal access to the data of all participants.
Most collections of micro-organisms are concerned with bacteria (including actinomycetes), filamentous fungi, and yeasts. Information on the features of strains of these organisms can in principle be stored in a general scheme, comprising data fields, each defined to contain a certain type of data. The fields may be either simple or divided into subfields. This contribution is concerned with the formats for filamentous fungi and yeasts only, agreed by participants in the MINE project. A number of features differ for bacteria and require the definition of distinct data fields. More fields will be required for data on algae, cell-lines and hybridomas. A corresponding paper on the format for bacteria is in preparation.
Different approaches to the storage of microbial data in a database can be envisaged. One possibility is that each item of information is represented as a single combination of digits and large numbers of entries must be accurately defined; in the case of an Occurrence (or, more rarely, absence), a single symbol is entered. This option is that chosen by the RKC code (Rogosa et al., 1986) , which attempts to address all possible physiological and morphological properties of an organism (as well as their alternatives) using a flat-file structure. Depending on the number of items to be entered, more or less voluminous forms must be completed before coded data can be entered into the database.
In another option, a limited number of fields, possibly divided into a hierarchical sequence of subfields, is filled with simple or more complex data, represented either by a single symbol or expressed in a more or less natural language, that can be retrieved and reproduced in various ways. This is the option adopted by the MINE project. Several commercially available software packages are suited for this purpose (e.g. BASIS, a product of Battelle Software Products Center, Columbus, Ohio, USA, now Information Dimensions Inc., Dublin, Ohio).
G E N E R A L CHARACTERISTICS OF THE MINE DATABASE
Definition of system requirements Criteria used in selecting hardware and software for microbial strain databases include : a large storage capacity, able to cope with many megabytes of data; the possibility of including variable field lengths; the possibility of incorporating different files or record types and linking them with each other; the possibility of indexing fields, subfields or other fractions of fields; flexible data management, with rapid and easy data retrieval; and a differential security system to prevent access by unauthorized users. When selecting software and defining the data structure it is vital to have an open-ended system with no limitation of space, so that fields can be modified or added at any time.
In this paper only the general format is outlined to illustrate the possibilities of the MINE data banks now accessible or in an advanced stage of preparation. This format is largely independent of the choice of software. The implementation, however, takes advantage of the possibilities of subfield structures offered by certain software packages. To facilitate validation and differentiated indexing, a rather large number of fields has been defined. For displaying and reporting, however, fields can be combined by 'mapping' functions.
Each field is listed here with its label or prefix. The sequence and numbering of the fields need not be uniform in different systems to be compatible with other partners. Consequently no numbers are assigned to the fields here.
General structure of the data; record types
The basic unit of a database is the record. The data of each record are further distributed in fields. The contents of fields (or parts of fields) that have to be searched rapidly must be indexed.
Principally an individual record, a strain record, STR, is created for tach microbial strain. Instead of repeating the taxonomic name with each strain record, it was found to be more convenient to establish, besides the above-defined strain record, a separate record type, the species record, SP, containing taxonomic names of the species (or lower ranks in the taxonomic hierarchy), to which the strain records can be linked (Fig. 1) . Moreover, not all data available in a collection apply individually to strains maintained in the collection. Data may pertain to the taxon in general and, as such, either be actually applicable to all strains or be presumably, but not necessarily, applicable to all the strains of the taxon (e.g. a property). These data are therefore preferably entered in the species record. Additional data are, however, explicitly tied to an individual strain kept in the collection; such data are entered in strain records.
Because of nomenclatural instability, several synonyms are often in common use for a given micro-organism. Tlie user should be able to access a particular species from any generally known name. For fungi, the situation is further complicated by the existence of independent sexual and asexual sporulation stages (teleomorph and anamorph) in one species, each of which may have a separate name, for which G. L. Hennebert (unpublished) proposes, the term 'morphonym'. Two more record types have been defined to cope with these problems: ALT, the alternative state record for names of anamorphs and teleomorphs, and SYN, the synonym record for synonymous names, which can be linked to a particular species (or alternative state) record. A strict rule for the choice of a particular morphonym, viz. for the teleomorph or anamorph, cannot be formulated. If the teleomorph-anamorph relationship is equivocal, the name of the actual morph must be used. If it is unequivocal, the teleomorph name is to be preferred; otherwise, the asexual form of sporulation, being that most commonly observed, may justify the application of the anamorph name. Once a choice has been made for one of the available morphonyms, this name is to be used for all strains of that species subsequently accessioned in the collection.
For every record, one field, record type (RT), must be filled with one of these abbreviations (SP, STR, SYN or ALT). Each record has a unique accession number (ACCN). The connection between different record types can be established by different means according to the software used, e.g. by means of a further field, 'alternate posting' (APOS), containing the accession number of the associated species record.
It should be possible to retrieve and display both strain data and species data with a single search. While the field contents are normally indexed through the record number, they may also be indexed a second time through the APOS value, which links with the associated species record. Thus, while searching for a particular strain feature, not only can a particular strain be retrieved but at the same time also the associated species record. Conversely, the retrieval of strain records and strain data starting from the species record operates via the same link (Fig. 1) .
While the strains of one taxon are tied to one species record through the same APOS number, several other SYN or ALT records may also be related to that taxon. Indeed, several other names, either synonyms or alternative morphonyms, or synonyms of alternative morphonyms, may be linked to one accepted species name.
Standardization of input
A standardized structure is crucial for indexed data. Either validation functions or a thesaurus can check the correctness of the input. The thesaurus facility can also switch from abbreviations to full names or from a synonymous name to the accepted name, both during input and during retrieval. Typist's input is checked by rules of validation, which can be defined for each field, before being entered into the database. The validation function ensures, for instance, that the obligatory fields contain data and that the combination of text in the fields SP-SSP-VAR-F-FSP and the strain numbers are unique. With non-indexed fields or subfields more variation in the structure of data can be tolerated. However, standardization is also required in non-indexed fields, where names may vary according to language or where transliteration into Roman typography is needed.
Standardization particularly applies to fungal names, collection acronyms, scientific host names, chemical names, nutrient media, geographical names, and literature.
Fungal names. The chosen name and its spelling must be in accordance with the International Code of Botanical Nomenclature. Authors' names that are not indexed are either abbreviated according to Hawksworth (1980) or given in full. The names of the last two authors are connected by '&' (or 'et') .
Collection acronyms. Standardized abbreviations are listed in Pridham (198 l) , McGowan & Skerman (1982) and Hawksworth & Kirsop (1988) .
Host plants. The correct and valid scientific names are used in preference to vernacular names, and given without authors.
Nutrient media. Reference to culture media can be either by symbols or by a number. Storing full names was found to be impractical. The symbols or numbers are standardized according to a thesaurus file that also refers the user to the lists of media published by major culture collections or in handbooks. Abbreviations are to be chosen in such a way that each major component of the medium is, if possible, expressed by a single letter, sometimes followed by a figure indicating the concentration of an ingredient. Examples: MA 4 = 4% malt extract agar; GPYA = glucose/ peptone/yeast extract agar.
Chemical compounds and enzymes. Abbreviations (Enzyme Nomenclature, 1984) , but in the database the correct full name is stored. Synonyms are converted to the current chemical names.
Geographical names. Names of countries are spelt in English, those of cities according to the national usage in the local language. Names originally spelt in Cyrillic or other non-Roman letters are transliterated according to the I S 0 (International Standards Organization) norms. Current abbreviations of countries may be entered; they are converted by the thesaurus to the official names.
Literature references. Authors' names can be spelt using all characters available in the extended ASCII code (American Standard Code for Information Interchange), i.e. including letters with diacritic signs commonly used in European languages ; concerning transliteration see above. Journal references are unabbreviated or abbreviated according to the World List of Scientijic Periodicals or other standards.
The correspondences between names, synonyms, and appreviations are also !aid down in the thesaurus files. The following thesaurus files are envisaged: fungal taxa of the rank of genus and higher (based on Hawksworth et al., 1983) , substrata (including host plants/animals), geographical names, chemical substances, enzymes, culture media, and collection acronyms.
DeJinition of diflerent data sets
A practical but important distinction is made between the data fields according to their accessibility to the public. The minimum data set (MDS) contains the basic data of a collection. It may be exchanged between the national nodes of the MINE network and may serve as a directory to the information on strains available at other nodes. For fungi and yeasts it consists of 30 data fields. The full data set (FDS) contains all data of a collection. It consists of fields that are generally accessible (the minimum data set) together with many others that are not. About 115 fields (of which 99) have been adopted to accommodate the information of the full data set. The printed catalogue of a collection generally contains the data pertaining to-the30-MDS fields where available. A collection may also wish to add more information in its printed catalogue, such as conditions of maintenance, references to published literature, etc.
Field structures
Particular attention has been devoted to the definition of the fields so that they are neither ambiguous nor overlapping. Duplication of input is to be avoided. Although subfields can be used, even at several levels in a hierarchical system, it was usually found to be preferable to distribute the data over separate fields. The various kinds of fields can be categorized by their function and content.
With respect to their function, some fields differ from others by being obligatorily required by the internal structure of the data bank, with contents automatically generated or not. These fields are grouped under 'internal administration'. The other fields are data fields, three of which are obligatory, otherwise a record cannot be entered : the record type, the species name (in SP, SYN and ALT records), and the strain number (in STR records).
Data fields can be grouped according to their subjects : those concerning the taxonomic name, strain administration, status, environment and history, biological interactions, sexuality, properties, genetics, growth conditions, chemistry and enzymes, and practical applications. Such a grouping is not of absolute value but aids the rational ordering of the data fields.
Some fields pertain only to species records (SP), some to strain records (STR), and some to both. Fields pertaining either to SP records or to STR records may be independent of each other (e.g. species name and strain humber), but in other cases either the same field or a pair of separate fields may be defined for comparable data on species and on strains to facilitate indexing. In these cases the SP record contains a general feature, while in the STR record actual observations are given. For example, TEMPR in species records is indexed, whereas TEGR in strain records is not; as in the pairs PHR-PHC and SALR-SALC. When data in fields of the ecology, property, or chemistry blocks are entered in a SP record rather than in a STR record, this implies that either: (a) a characteristic is known to apply to all strains of a species (e.g. TEMPR: thermophilic, PHR: acidophilic); or (b) an important feature has not yet been associated with any particular strain held in the present collection and need not apply to all strains of the species. Similar data may therefore appear in both SP and STR records, although factual data are preferentially entered in the STR record, with the risk of repetitions.
Subfields are defined to allow several entries in a field. This structure also allows the subfield contents to be indexed individually (sequential entries at equal rank, unless free-text indexing is required); parts of the contents can also be excluded from indexing (truncating function, subfields of lower rank). Any delimited part of a field may be indexed and/or used for printing of catalogues. (The facility of BASIS software to distinguish up to 12 ranks of subfields is therefore a great advantage.)
In the present format, as implemented in BASIS, several subfield delimiters have been adopted to provide a structured system. The criteria of choosing delimiters are summarized as follows.
comma, ',' -used to separate authors' names from organism name in SP (truncation); used to separate state from country in LOC (sub-subfield).
semicolon, ' ;' -used to separate sequential entries in many fields; also used to separate indexed information from non-indexed data in LOC and SSTR (truncation).
colon, ':' -used to separate unequivalent but related parts of information (to be indexed separately at the same rank), such as reaction and symptoms from target organisms in PATH, ALLER, MPAR, TOX and ANT; also used in HEATR to separate temperature from time of treatment. less than, ' < ' (interpreted as an arrow pointing left to the main information) -used to separate remarks and data on origin from indexed information (truncating function).
parenthesis, '(' -similar to '<', used to separate minor details from rest of non-indexed information (in COLL, ISOL, HIS).
slash, 'I' -used to separate values for minimum, optimum and maximum temperatures and substrate concentrations.
The database will mainly comprise data available from published or unpublished sources on the particular strains held in the collection. It is generally not intended to administer stocks and orders with this database, although the system allows this to be done. The strain database need not exhaustively cover all the literature on taxonomy, nomenclature, ecology, chemical properties, etc., but only as far as the particular strains are concerned. It is also not the purpose of this strain database that it be used for identification. Therefore it will contain relatively few phenotypic data, in contrast with the RKC system. Identification of yeasts might, however, be possible using patterns of growth and fermentation from a selection of fields where these data are recorded, but other specialized software more suitable for this purpose is available.
Reference to the sources of data Literature references or references to other sources of data can be entered at three levels.
(1) For species and strains in general : in the field LIT designed for references on a species or strain in general.
(2) For a group of fields : in group fields ECOLIT, PATHLIT, PROPLIT, GENLIT, CHLIT and APLIT.
(3) For any particular field or subfield. This information is entered after a delimiter symbol (e.g. ' < '), the source of information being indicated by 'I' for work done at the same institute, and 'D' for information supplied by the depositor. Otherwise, literature references (possibly abbreviated) can be entered here. Information after the delimiter is not indexed and can also easily be skipped in catalogue printing. To avoid the duplication of entries,, full references should be given only once at level 1 or 2, and an abbreviated citation at the lower level(s). By mapping, all relevant references can be displayed in one command. Another option in referencing literature is to refer by number to an entry given in full in a bibliographic record or database.
THE P R O P O S E D F I E L D S
In the following list, all fields are grouped into 12 blocks so that fields of SP records and related fields of STR records appear adjacent to each other. Each field is characterized by the field tag (label, prefix) and a short circumscription. When subfields are to be used, this is indicated. The fact that a field is indexed is indicated with a bold I, its obligate presence with a bold 0. A bold A indicates automatic generation of the contents. Fields included in the minimum data set (MDS) for exchange between national nodes are marked with an asterisk (*).
A. 1"ALADHINISTRATION

ACCN
Accession number of the record: 0 I Occurs automatically i n a l l records, with a unique number.
APOS
Alternate posting: 0 I Must occur i n a l l STR, SYN and ALT records to connect them with the name of the species and other species data. Contains the accession number (ACCN) of the connected SP record, but a SYN record can a l s o r e f e r to a connected ALT record.
RT
Record type: 0 I Must occur i n a l l records. There a r e four p o s s i b i l i t i e s : SP = species; STR = s t r a i n ; SYN = synonym; ALT = alternate.
ED1
Date of input: I A Occurs i n a l l records. Occurs in all SP, SYN and ALT records. Contains the genus name and species epithet, author(s). Authors' names are separated from the species name by a comma delimiter. The part of the field after the delimiter is not indexed and can be printed in a different type face to the name. Authors' initials are used when necessary to distinguish several authors with the same name. Authors' names are preferably not to be abbreviated. If an abbreviation is used, it should be formed according to the list of Hawksworth (1980) . If more than two authors are connected to a name, the first one is preferably cited followed by t's & . I 1 rather than citing all, separated with comma, and the last two with
Collections are free to add the year of publication after the author's name, with or without the bibliographic reference to the place of first publication of the name in a subfield. The thesaurus of mycological names provides a check for synonyms and allows a taxonomic orientation in the higher ranks. Status either refers to the name mentioned in the NAME fields, and then only one of the above abbreviations is given, or it refers to another name of the taxon, then that other name with author(s) is given, preceeded by **ofw. References to literature on typification may be added after a delimiter ( **<*'). PIGMENT Pigment production and autofluorescence In SP and STR. Colour of pigment, name (if known, also to be entered in MET), (non-)diffusing, fluorescence (wave length), medium. Several pigments separated by ";''.
Examples: T of Penicillium psittacinum Thom [under Arthrobotrys entomopaga] NT and T of Arthrobotrys pauca.
B. ENVIR0"T and HISTORY
SUSP
Example: red, cynodontin, dif, OA.
GRWTH Growth characteristics In STR, rarely in SP. In particular, radial growth on agar measured in millimetres in relation ( ' l / t t ) to time, temperature and other conditions. Data on quantitation of biomass (dry weight, duplication time etc.) in submerged culture also to be entered here. PROPLIT Literature on morphological, taxonomic, fine structure characteris t ics. In SP and STR. 
I. GRNOTYPE AND GENETICS
GENOT
W . GAMS AND OTHERS
CONDS
Conditions for growth and maintenance on solid media: * Mainly in SP, but also in STR. In SP media to be used for all strains of a species. Media (+ additives), separated by 1 1 , 1 1 , then temperature and light conditions, separated by l l ; l l . Media can be referred to by means of abbreviations (acronyms) or numbers. Abbreviations for media used in the first subfield are organized through the thesaurus of media.
CONDL
Conditions for growth in liquid media In SP (and STR). Media (+ additives); temperature, light, shaking. Abbreviations or numbers as in CONDS.
CONDSP
Conditions for fruiting or sporulation In SP (and STR). Media (+ additives); temperature, light, gas phase. Abbreviations or numbers like in CONDS.
CONDGER Conditions for germination
In SP (and STR). Media (+ additives); temperature, light, gas phase. Abbreviations or numbers like in CONDS.
CSOR
Carbon sources that have been tested for growth: I
Only in STR. Name of compound and result of test (+, -, v) . The full names of the compounds are entered. Abbreviations to facilitate input or CAS numbers are to be organized through the thesaurus for chemicals. Several entries form subfields, separated by l l ; t l . Example: glucose; galactose; sorbose/L-; sucrose; maltose; mannitol; citric acid -. In SP and STR. Like NUT. Name of compound with concentration between parentheses. To be used for incidental or mutational deficiencies, other than the regular growth factor requirements in field NUGR; characteristics of deliberately induced mutants to be entered in field MUT. Abbreviations for input to be organized through the thesaurus for chemicals. Several entries form subf ields, delimited by I). 
Fungal and yeast strain data in MINE
1685
TOL
K. CEBt4ISTRY and E?XtYHES
ENZ
Enzymes produced: I In SP and STR. Name (or EC number). Several entries form subfields, delited by I f ; " . Remarks after the delimiter lf<lf may also include optimal conditions for production and the information whether the enzyme is inducible. Prefixes (1-, 2-, D-, L-, alpha-, beta-) to be entered after the name, separated by l l / l l . llalphall for rian, ffbetall for llR1l to be spelled fully. Note that urea hydrolysis should not be entered here but in NSOR. The official name will be entered in the database but EC numbers and synonymous names are acceptable and conversion of the input will be organized through the thesaurus of enzymes (based on Enzyme Nomenclature, 1984) Example: an input of 3.5.1.5; 3.4.21.37; 3.2.1.20;3.2.1,26; 2.4.1 34 would be translated by the thesaurus into urease;elastase;glucosidase/alpha-;invertase;~P-l,3-beta-D-glucan glucosyltransferase Decomposition and deteriorating capacities: I In SP and STR. Several entries possible as subfields, delimited by Polymeric substrates, like starch, cellulose, xylan, lignin, gelatin, chitin, keratin, arbutin, fat (simpler, chemically defined compounds in CSOR and NSOR, specific kinds of wood generally to be entered in SUSP). Chemically defined compounds that are degraded but not used for growth can be entered here too. Terms like "amylolyticw, "cellulolytic" are not to be used but the respective substrates, such as starch, cellulose etc.
MET
Metabolites produced (including antibiotics, toxins, also industrial fermentation products): I In SP and STR. Several entries form subfields, delimited by r r ; a . The names of the compound are entered in the database without abbreviations. Abbreviations or CAS numbers to facilitate input and retrieval are to be organized through the thesaurus of chemicals. After the delimiter w<w the substrate utilized (with flfromll), optimal conditions for production and/or origin of information can be entered in each subfield. The fermentation substrate is also to be entered in DEC and, if used at large scale, in APPL. Chemical transformations that do not involve degradation are entered in BIOTR. Prefixes (1-, 2-, D-, L-, alpha-, beta-) 
